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Abstract: Systemic cat scratch disease or bartonellosis is a clinical entity caused by Bartonella henselae, which manifests with necrotizing granulomas in visceral organs. The cat flea, Ctenocephalides felis, is the vector responsible for horizontal transmission of the disease from cat to cat, and its bite can also infect humans. In immunocompromised patients including chronic kidney disease and renal transplant recipients, it can cause persistent and disseminated cat scratch disease. The aim of this paper is to perform a systematic review of the studies that have addressed the diagnostic methods of cat scratch disease in chronic kidney disease and renal transplant recipients. This review was searched via electronic PubMed and Google scholar databases. Few qualitative full-text original articles in chronic kidney disease and kidney transplant were extracted. At this paper, 19 articles identified including six articles in chronic kidney disease and 13 articles in renal transplant recipients. Of these six identified case reports in chronic kidney disease, serology via immunofluorescence antibody test was led to diagnosis of cat scratch disease in five patients and a one patient showed nonreactive serologic test. Polymerase chain reaction usage to detect deoxyribonucleic acid in tissue biopsy and bone marrow biopsy was led to diagnosis. Cat scratch disease diagnosis in 13 renal transplant recipients was attained more by combining serology and polymerase chain reaction to detect deoxyribonucleic acid in tissue specimens. These selected studies demonstrate that serology and polymerase chain reaction via deoxyribonucleic acid extraction of tissue specimens yield the best outcome in diagnostic field of bartonellosis. Key Words: Cat scratch disease, Chronic kidney disease, Polymerase chain reaction, Renal transplant recipients.
Cat scratch disease (CSD) or bartonellosis is the most common human's infection caused by Bartonella species. Bartonella species are small, fastidious Gram-negative bacteria, which have been isolated from humans and mammals. Human infection due to Bartonella species are being increasingly reported all over the world. There are 25 species of Bartonella with about half of them having been confirmed as human pathogens (1) . Serology testing is the cornerstone of diagnosis and has high sensitivity. Polymerase chain reaction (PCR) sequencing assay may provide the highest diagnostic sensivity but it unfortunately is only available in few specialized laboratory.
History
Daniel Alcides Carrion was a medical student in Lima, Peru. He died from an experiment that he performed on himself in 1885. Carrionʼs experiment showed that two strikingly different diseases endemic to Peru, verruga peruana and Oroya fever, are etiologically related to each other (2) . The genus of Bartonella is named after Alberto Leonardo Barton Thompson, who in 1905 discovered Bartonella baciliformis, the causative agent of the Oroya fever (or Carrion's disease), severe febrile illness accompanied by bacteremia, endocarditis, hemolysis and circulatory collapse or by encephalitis (3) . This result was acquired based on histopathological examination of inflamed lymph nodes. Cause of cat scratch disease is Bartonella henselae that the connection between Bartonella henselae and CSD was confirmed in 1989. Various Bartonella species are shown in Table 1 . The wide spectrum of diseases ranges from asymptomatic cases to skin inflammation, fever of unknown origin, lymphadenopathy, eye disorders, encephalitis and endocarditis. In immunocompromised patients, Bartonella species can cause opportunistic infections like bacillary angiomatosis and peliosis hepatitis. In immunocompetent individuals, Bartonella henselae infection presents as cat scratch disease. It is found in feline erythrocytes and fleas which can contaminate saliva and then be introduced into humans through biting and clawing by cats. The cat flea Ctenocephalides felis is the vector responsible for horizontal transmission of the disease from cat to cat and its bite can also infect humans. Approximately 50% of cats harbor Bartonella henselae and are entirely asymptomatic (4) . Recent reports involving humans and carriers suggest that ticks should be considered as potential vectors of Bartonella species. However there is little evidence that Bartonella species can replicate within ticks and no definite evidence of transmission by a tick to a vertebrate host is available (5) . The common clinical spectrum of regional lymphadenopathy accompanied by fever and other systemic symptoms is referred to as typical cat scratch disease, and is generally benign and self-limited. Approximately 10% of the patients will have atypical disease, such as Parinaud occuloglandular syndrome, neuroretinitis, granulomatous hepatitis and splenitis, osteomyelitis, endocarditis and encephalitis. Lymphadenopathy is the most common clinical manifestation of cat scratch disease, mostly depending on the site of inoculation (6) . The disease usually affects children and younger people under 18 years old, with an equal male to female ratio (7) but adults may also present with the disease (4) . From an epidemiological point of review, 87-99% of patients report some contact with cats. Although the exact mechanism of cat-to-human transmission remains unknown, a scratch and/or bite were documented in approximately half of the episodes. Males are more commonly affected than females, and the disease is almost always identified in patients younger than 21 years. Possible transmission of CSD usually occurs from late summer and mid-winter. Ulug (8) reviewed the articles related to CSD were reported from Turkey in the last 18 years with a pooled-analysis method. Between the years 1996-2013, CSD cases have been reported in a total of 16 articles and 18 case reports. 38.8% were women and 61.2% were men with median age of 16 years. The most common clinicopathological subtypes of CSD are regional lymphadenitis (N = 9), hepatosplenic (N = 3) and neuroretinitis. The common complaints of patients were lymph node (LN) swelling (94.4%), fever (61.2%) and weakness (50%). At admission, the most common signs were lymphadenopathy (94.4%), fever (61.2%), splenomegaly (16.6%) and skin eruption (16.6%) (8) .
METHODS
This paper was written based on searching PubMed and Google Scholar to identify potentially relevant articles or abstracts. The mentioned search included following search terms: cat scratch disease, 
RESULTS
The search retrieved 722 articles; after evaluating the abstracts, 683 articles were excluded. The manuscripts of the remaining 39 articles were completely read and of these, 20 were excluded due to unrelated subject to chronic kidney disease and kidney transplantation and non-original investigation. Finally, 19 original studies were included in this review (Fig. 1) 
DISCUSSION

Diagnostic methods
The diagnosis of Bartonella infection must be established by one or more means: histopathologic examination of biopsy specimens, serologic evaluation, microbiologic culture and/or use of PCR to detect DNA in tissue specimens. Culture of the organism is not practical for clinical diagnosis and the traditional cat scratch skin test is no longer used and has been supplanted by sensitive serologic tests. Different serologic tests (including IFA or enzymelinked immunoassay [EIA]) vary in sensitivities and specificities because of the timing of the Bartonella henselae IgG and IgM response and cross-reaction with antibodies to Bartonella quitana. PCR is a sensitive method for detecting Bartonella DNA which can even identify the species and genotypes by exploiting minor sequence differences. This method differentiates between Bartonella henselae and Bartonella quintana and makes it the best method to confirm clinically, serologically or histologically suspected diagnosis of CSD (9) . Immunohistochemistry (IHC) can contribute to the etiologic diagnosis of Bartonella henselae lymphadenopathy when serology and molecular techniques are not available (10) . CSD diagnosis has been based on the following findings: (A) Cat contact with a scratching lesion; (B) negative serum tests for other causes of adenopathy, positive Bartonella polymerase chain reaction and liversplenic lesions in the CT scan; (C) positive serology for Bartonella henselae via EIA or indirect immunofluorescence with a titer equal or greater than 1: 64 and (D) a biopsy showing granulomatous inflammation consistent with CSD or with a positive Warthin-Starry coloration for the bacilli. Cat scratch disease is usually diagnosed clinically and special tests are rarely necessary. The 'Rule of Five' is used as a diagnostic tool. Points are given to each of the four criteria: 1 point for lymphadenopathy, 2 for cat exposure, 2 for presence of an inoculation site and 2 for a positive skin test with CSD antigen. Total of 5 points strongly suggests CSD while 7 points make the diagnosis confirmed. Lymph node histology, which is a diagnostic criterion suggested by others shows a constant pathological hallmark of granulomatous inflammation with focal necrosis similar to other granulomatous diseases like tuberculosis, brucellosis etc. (11) . Imaging studies may suggest the diagnosis, and specific serology may confirm it, perhaps avoiding the need for biopsy. PCR techniques and serology provide a life-saving rapid means to establish a diagnosis.
Cat scratch disease diagnosis in chronic kidney disease Cat scratch disease caused by Bartonella hanselae is a cause of subacute and self-limited lymphadenopathy. Disseminated visceral infection of Bartonella may occur in patients presenting with a prolonged fever and microabscesses. Almost every organ system may be involved, especially the liver or spleen. Treatment of CSD depends on the disease presentation. Most patients, especially children have self-limited lymphadenopathy lasting 2-8 weeks and do not require antibiotics. Few patients develop dissemination to the liver, spleen, eye, or central nervous system and antibiotics may help. Oral azithromycin for mild to moderate disease is 5 days (500 mg on day 1, followed by 250 mg daily for 4 more days for patients weighing more than 100 lb or 10 mg per kg on day 1, followed by 5 mg per kg for 4 more days for patients weighing 100 lb or less). Other antibiotics include rifampin, ciprofloxacin, cotrimoxazole, clarithromycin, and gentamicin. Aminoglycosides have good activity against Bartonella henselae but because of their inherent toxicity, they are used mostly for patients who have endocarditis. Treatment for suspected Bartonella endocarditis is intravenous ceftriaxone, 2 g daily and doxycycline, 100 mg twice daily for 6 weeks and gentamicin 3 mg/kg daily in divided doses, for the first 2 weeks. Surgical removal of the infected valve is often needed. Treatment of bacillary angiomatosis and peliosis with oral erythromycin or doxycycline for a prolonged course of 3-4 months has benefited patients. Treatments of neurologic disease include combination of erythromycin or doxycycline plus rifampin for 4-6 weeks may be effective as suggested by case reports of neuroretinitis. Treatment of Bartonella quintana is tetracycline and gentamicin as an alternative to it is considered. This study collected six cases with an average age of 28 years, ranging from 5 to 65 years. Clinical presentations include fever (spiking, low grade, prolonged) in all cases, abdominal pain, fatigue, cough, headache, weight loss, and myalgia. Regional lymphadenopathy, epistaxis, elbow swelling, sinus tract from right arm, epitrochlear node abscess formation, acral purpuric rash, palpable purpura, persistent microhematuria and intermittent macroscopic hematuria were found
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in clinical examination. Most of the concern for immunocompromised patients centers on dissemination of disease, which has been reported in transplanted patients. Atypical clinical manifestations of CSD include prolonged fever and hepatosplenic lesions in 0.3-0.7% of patients, most of whom are pediatric patients. Laboratory analysis showed leukocytosis, leukopenia, anemia, elevated erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), D-dimer, creatine phosphokinase, myoglobin, hypergamaglobulinemia, proteinuria and pyuria. Positive rheumatic factors and proteinase-3 specific anti-neutrophil cytoplasmic antibody (ANCA) were seen in laboratory findings. Contrastenhanced abdominal and pelvic CT scan in one case revealed multiple small hypodense lesions scattered throughout the cortex of both kidneys consistent with microabscesses. In addition, multiple enlarged lymph nodes were at the mesenteric root and para-aortic regions. Enhanced abdominal CT scan in another case showed multiple small renal hypodense lesions in kidneys, liver and spleen. In one case, chest X-ray (CXR) and CT scan showed adenomegalies that were biopsied and showed necrotizing granulomatous inflammation.
Transthoracic echocardiography showed a bicuspid aortic valve with moderate regurgitation and no vegetation. One case culture of excised aortic valve was positive for Bartonella henselae. An ultrasound of right arm in one case showed prominent right axillary and epitrochlear nodes without necrosis and calcification. Diagnosis was confirmed by serologic test in five cases. Serologic studies were non-reactive in one case but bone marrow (BM) aspiration and biopsy revealed severe hypoplasia of neutrophilic series with a few myelocytes. Furthermore, bone marrow biopsy (direct examination and culture) showed the presence of intramedullary Bartonella quintana. Polymerase chain reaction products that derived from mediastinal adenopathy biopsy reported Bartonella quintana (Fig.   2 ). Bartonella quintana infection includes trench fever, endocarditis and bacteremia among homeless, alcoholic patients and bacillary angiomatosis. Close contact and scratching by a cat or kitten was found in four cases. One patient owned an adult cat and a flea-infected kitten, which had scratched her prior to admission. One patient owned a household cat. Treatments of Bartonella henselae in these cases included azithromycin, azithromycin plus rifampin, tetracycline plus rifampin, gentamicin plus rifampin and intravenous gentamicin. Two patients received steroids at a dose of 1 mg/kg per day with a gradual regression, since they had active inflammatory kidney damage. The outcome was marked by improvement of clinical manifestations, laboratory analysis and imaging studies. In one case, surgical excision of all affected nodes and the sinus tract beyond 16 weeks plus persisting oral antibiotics achieved complete resolution of clinical manifestations, laboratory findings and remission of underlying disease. Summary of case reports of cat scratch disease in chronic kidney disease is described in Table 2 (12-17).
Cat scratch disease diagnosis in renal transplant recipients
Cat scratch disease in normal hosts is usually an acute, self-limited bacterial infection characterized by regional adenopathy, which resolves in 1-4 months. Most of the concern for immunocompromised patients centers on dissemination of the disease, which has been reported in transplanted patients. Disseminated Bartonella was defined as having evidence of other organ involvement. Dissemination can include a range of manifestations including encephalitis, retinitis and bacillary angiomatosis, and peliosis. Persistent adenopathy is rare, even among immunocompromised patients. In patients with human immunodeficiency virus (HIV) infection, Bartonella henselae infection has a different Bartonellosis in Chronic Kidney Disease 7 Magnetic resonance imaging (MRI) of the thoracic region revealed a highly vascularized, expanding lesion with thickened walls and a necrotic center in the upper and posterior thorax. Acid fast bacilli (AFB) cultures were negative and Bartonella henselae DNA was detected in pleural biopsy by PCR. Peripheral lymph node biopsy in 11 cases was performed and revealed necrotizing granulomatous inflammation with microabscesses and histiocytic lymphadenitis with abscess formation. DNA was extracted from lymph nodes and varying amounts of template DNA were amplified in a multiplex PCR and Southern blot technique that detected Bartonella henselae. In one case, transjugular liver biopsy showed numerous randomly distributed cystic blood-filled spaces between areas of normal parenchyma. Furthermore, in another case biopsy of liver and periportal lymph node revealed necrotizing granuloma with microabscess, highly suggestive of CSD. DNA in liver biopsy by PCR and Southern blot technique showed Bartonella henselae. In one case, retinography revealed posterior uveitis in both eyes with papilledema and right eye hemorrhages. Histological examination of right breast and abdominal masses excision revealed a lesion containing a proliferation of blood vessels with prominent endothelium surrounded by a neutrophilic-rich infiltrate. Endothelial cells expressed CD31 and CD34 antigens and these changes were consistent with diagnosis of bacillary angiomatosis. Skin, scalp, penile nodule and lip lesion biopsies revealed pyogenic granuloma and vascular proliferation in favor of bacillary angiomatosis in four cases. Peliosis is a lesion that has been seen in the liver, spleen and histologically is similar to Bartonella angiomatosis. Bone marrow aspiration showed granulomatous changes in one case and hemophagocytic activity in two other cases. Hemophagocytic lymphohistcytosis (HLH) is a rare and severe multisystem disorder that may be triggered by infections. In an immunocompromised transplant recipient, the onset of HLH can be difficult to discern from a severe presentation of Bartonella henselae. A diagnosis of HLH requires five of the following eight criteria: fever, hepatosplenomegaly, cytopenia in at least two lines, a markedly increased ferritin, high triglycerides and /or low fibrinogen, increased level of sCD25, and low or absent natural killer cell activity. Positron emission photography (PET) scan detected hypermetabolic abdominal lymph node, multiple focal nodular lesions on spleen and hypermetabolism of left axillary lymph node in one case. In one case, histology of the renal allograft revealed an end-stage atrophic kidney with vascular thrombosis and mixed inflammatory infiltrate without bacterial invasion. Scratching lesion or contact with cat and kitten was found in three cases and there were household cats in four cases. There was contact with household dog breeding by patient's sister in one case. Treatment included monotherapy with azithromycin in two cases, azithromycin plus doxycycline and prednisone, azithromycin plus intravenous fluconazole, monotherapy with clarithromycin in three cases, clarithromycin plus ofloxacin, monotherapy with erythromycin, erythromycin plus surgery, ciprofloxacin plus amikacin, doxycycline plus rifampin, metronidazole plus co-amoxiclavulanic acid for prolonged course of treatment. The outcome was marked by improvement in clinical manifestations, laboratory analysis and imaging studies. Prolonged antibiotic therapy led to cure in 10 cases. In one case antibiotic therapy had not led to improvement and surgical removal of expanding mass led to regress. There was inadequate information in two cases. Diagnostic methods and other characteristics of renal allograft recipients with bartonellosis are expressed in Table 3 (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) .
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CONCLUSION
Cat scratch disease is an infectious disorder characterized by self-limited regional lymphadenopathy and fever. Disseminated visceral infection of Bartonella may occur in patients presenting with a prolonged fever and microabscesses. Persistent fevers or lymphadenopathy in a transplant recipient who has been exposed to cats or vector
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should prompt clinicians to maintain a high index of suspicion for Bartonella species infection. Therefore, CSD or bartonellosis must be considered in differential diagnosis of each patient with persistent fever and lymphadenopathy in chronic kidney disease and renal transplant recipients. This requires having close and easy complementary diagnostic tests.
